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[mm i ] mmzxmftm&j&tiLisTtLZ 

DEI/- ^y^, WEE»S«*5«fc^J*36«*-ae 
[MM 2 ] ^liEW 0 ^to-&XStC*^T, 

[MM 3 ] HtrfBBA 0 ^to-SXfgfcL 

Sfc£fr"SrTiin8ftU iWfagU<7)¥B«&£tfmlf3lfl2 
^^S^^^Bi^-ti-^Xli^^^Clt^^^ii-r^ff^ 

[MM4] ttmmnmiz&^T, mibu- tf^y 
[mm 5 ] ftfrtam i <D¥mm&±i*m?,m 2 o^ea 

fcbfcCli:*1*at-r*MM2lB*©^»fru— if* 

[MM 6 ] ffiflB£ 1 w^Bas^miBasaisgte^-® 
catofeu mwrni^mm^mu^nm^-mz^ 

ct 5f:l/fc^i *MM 2 M&<D¥^ 

[MM 7] fflffif&l 0¥ffl&43«fcimffi«2<75¥ffl 

[MM 8] ffifB&SO^b-frXeTte, Mfcls-ifr 

y7\z&\,*xmz*m&m<»&f&2nrz®\<Dm** mtz 
&m&mzteQ&t>i£z>&5\zi,fzz\t:%&&t?zm 

[MM 9] mtdU— ^yf\z^X, tfiift^mft 

moMmznizMvmzs ^(Dmmm&miz&oiz 40 
ltc ci t *4#«t-r *mm s aa«o¥*# u— y*^ 

[MM10] DEiBW!«*tc*^T, WfiU— 

atr *mm 9 fs^co^^^ »f #^o«jft*ts, 

CMMl 1] ffiiai'— Sf^y:/fc*V>T, mJfB¥^ 

50 
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[MM12] *fm=?\z&^T* &mz* 

z.<n^ft&<o-ft<r>mz*n?ntei&-£nfc'm 1 co^ea 

[MM1 3] WIBStffttt. «S«**«fw0;OffifiJ£S 
nT^*££€«r«£:T*>MMl 2I3«©¥*#U- 

[MM14] ffilB£R£«t;L MIBU-if^^^c 

cmmi 5] m^mi(D^mm^ imbu-hm 

[MM16] Wffeu— tfJHPKlfc^T, ¥&#Jf 
[0 0 0 1 ] 

^rm^^ti?>mnmm^^is^nmmzm-r^h(Dx 
<&>%><> 

[0 0 0 2] 

tfSt^Ttt, ^ryr^T (A 
1,0,) Sft**«#^6tt*nai 

m, t£&m&&ztvmM&mzmmm&2tix\,*z. * 

11 *5 «fc ^ 14 S 05 x v > y \Z <k 0 S ffi L n ^ JS ± 
[0 0 0 3] -ttlz, V-ttvtt* fWf^I^ 
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[0 0 0 4] 

3fcffi*©¥*{*U-1f*^©>IJfi*ftT?tt. 2 0^ 

-1f* : ?Ottflg^t;*5l€rEC-ri:U , 5raH'b**. 
[0 0 0 5] 2|s:56Wtt^^*KS^^j£*.T^$nfcfe 

[0 0 0 6] 

if*^©»jfi^ffitt, i^-tf^iy^, E8aa«*5<tt/5: 20 

[0 0 0 7] *«9!KJ;*¥*#I'--lf* : ? : 0E 
[0 0 0 8] Sfc, ajc*^fcj:*4|sj»#u— if*?©^ 

«r3«tt* w^jiftdtfu-if^y^ftWjeoEia* 30 

[0 0 0 9] a^SSWCJ:****^— tf*^©«Jft*ffi 
Tte, U—lf^v:/, EK***±tf 

R*«*^. 

[0 0 10] *&, **WK:J:**»*u— !f*^©E 
*tsn, EKaS*i:3£»aS*t^*2©*Ba 

[0011] ^^las^^u-m© 

Xtfa&R-Ctt. C©3E^3£*©-*©fi'JtElfi:S««:fi 
[0 0 12] 

TSffi*#BaixTBi^-r*. so 
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[0013] mi (DrnmcDMrni ant mi omas 
#g*s 1 0 0 o-«««ta-c»5. ¥^%^SH 1 

0 0H *»#U-if*f lti dO^^U-if*?- 

1 £ffi50r£MK<ZVV;;£-— V 1 0 <h£<I*.T*Bj7Jc£*l 
TV><5. A7^r-yl0H RjSMO^T^fl 
It, :^T-f^i? 1 1 K^9tt#£>nSR1Sifl2#; 
Oi*12tSWUT^. 1 2 ©fi^rS]— JKffi 

l3^6«ffl*n&U— tftf-ASr/ty^r-^l O^C® 

m*.\Zm (Cu) *fc««c (Fe) tzE<0&m\Z*LQM 
liJc^nTfcO, ^12ai»^7X^4^(«t: 

ft£©&JSK:<fc9^j££nT;fcr>, ^-O^S (111:* 

[0 0 14] B2fl tf^^WjgSS-TWf 
— VT-v-fZ 0 <h, iff 0a*©g£*lfc 

it7 r 7'i7>h3 0i, ine.^tst-i-»^4 

^7^>h3 0H 1f^y^2 0 tt- h~>>2 
4 0tOK(:^Sl, U-ff7^2 0^a!t*M 

2 a, 2bM^n5U-FtIi3 2, 3 3$:tt 

0, +»-^^>b 3 043<tt^t— h^>^4 ott, -en 

[0 0 15] 0 3«, 0 2fc^Ufc¥£#l'--1f*^ 1 
©I/- tff y^2 0<B«5S£*T»r®En?&*. I- — -9 s 
fy^2 0tt, 1t77<r (Ah o, ) ^e^atta 
HS2UWLTt^. &*5, *£Hg1£2 1 £lsT\Z. 
tJ*77<7©i, (MgA 1 1 O, ) , 

U^A (GaN) , $*<* (S i) &SWaEHfc$--f* 
(S i C) ^^TMlTt)^^. *SSSJ£2 1CD^ 
iSttt, fiBJA«^r-r*tt^OnSi^»4fe*H-^'$tlfc 
nS!GaN^6ft:SnS3>^^ h®2 2«$nt 

nS3>^^M2 2©)l$H 0y*.tf* ^34 
m^5, nIa>^^M2 2©^®tH 
£<DnMtF&%l& K — y^nfen^A 1 GaNA^fei 
ni^77Fl2 3«^ntl^, ni^77HI 
2 3©|$H 0J*tf, »1. 2wmTf&£o 
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[0016] nm??y KJ8 2 3<D&miZ\*s InGa 
NK£0ftf&$tifcfiH3:Jg2 4ifiBti&tiXM. 
12 411 OT^L^fflUiiAaSWUTffifiJt^n^fe© 

2 4CO^®fCH Mgftt'Opl!^S:h-^Ufcp 
1 GaNi^tt5pa^7-; KS2 5«^nt 

mTfc£o p^7yHS2 5©g®l:H M 

mu>?9 hM2 6;Wfi£<*tlT^*o p2Jn>^h 10 
JS2 6C0jfl£te, 0y*.fcfii$O. 3/imT$)^. p3!*7 
y KS2 5:fc£tf p^n>*£ h®2 6 CD-215^iX>;/^ 
>^^;:<fc 0 |&££*IT£ 0 , p^77H125^ 

(Al, O, ) U£<D&&mfr*>ttZ&&m2 

[0 0 17] p£Jn>*^ h®2 6CD^ffitC«, pftim 
i2a«^nti/^, pfi!SS2att, P 
W.z\>9>? M2 6<Dto\ft*>1&\z~ytr)l' (N i ) If 43 

«ttf& (Au) s^msuTira^jas^cfcip^^kbfc 20 

t><zre*S. n£i3>^ hjg2 2, ni^7yHS2 
3, ^124, pg#7s/ FH2 5*3£tf pS!=i>* 
^M2 6ll i-yf>^l:J:0Mi:^^^ 
0, ngin>^ hS2 2<0— gWffifflLT^S, dCO 
n^3>^^h2 2©8W^®l:nMa2 b#7£fijt£ 
tlTl^S. nit!2bH n^3>^^M 
2 2©(M*^«S*C^^> (Tl) i, 7)l*-VI± (A 
I) H*5J:^H*tt«UTllP»«aSt«t0^^bUfc 
t)C0-efeS o pflJW2a*Jj;tfnitti2btt, ^"f 
tifc, H2K*^TffffiK:Si»3tt3Efiaifc»ttK:ft<»i« 30 
£tlT^2>. £f c> pfljmffi2 aAtnfl«i2 b £0 
01>U#KJ3. 5 jim^tiiUT^S. 
[0018] ttA£&2 1tt, aMMHCfctt* 

122^f)pi3>^^hI2 6^i^S2 7*T 

*%B^tc43tt^> r^^^j co-JMfcW;: 

*tJ£T*. tJP^-T, pflj««2 a*5Jbt/nffiiJ«ffi2 b 
M\ *5fi^fc*tt* r-#<a«Mtj co-#M*0]k**j£ 

[0 0 19] tf^u/^2 0V>ffi,m\zm&t£35fa\Z& 40 
(ZrO) H<i:$3SSS^SL/fciifiS:t 
-»OS»tt«©P«fl*ffi«^Tia«$tl>t 

co*,, -^<oR»aie^e>u— tfbf-AtuT»a*ti 

[0 0 2 0] gJ4te> •V"7'?0> b 3 0cofl|j££^-f»r 
ffi0tc5^. ^^^> h 3 Ott, ifi:£#JEMK£*rr* 50 
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«tt«»T?*««M*3 1±II. "J-HMI3 2, 3 
3^ct^^fflll3a, 3 b£^UT*»j£3tlfc 

m^y^^^> h co , ss^'Ju^a (Be 
o) , ^-^>^f>^ (Cuw) , gfbr;^- 

^7 A (A IN) , (cBN) . $r-f* 

(Si) JR (S i C) K: J; Dffij** tl 

mT»0, 4S rt< 0 . 6 mm, & 

[0 0 2 1 ] X»#3 l(D_h®tt¥m®i:fe^T430v 
-eco¥tfr®±K:te. 9W£mZifil 0 Atmco— #fcoU — 

2, 3 3H &£tc\Z&-m&& (AuSn) fcgfcj: 

2, 3 3H ■tt7 r v^>h 3 omfrt>m\z^?>m. a 

Ffil3 2, 3 3H mi\Z^Lit^'D\Z. ^CWtJ 
7,9 1 1 (Ell) HK^e»tl3ttr>l 7, 18 (0 1) 

\z : tn j en r 7'i ^vf&3n,xnf$.&Mzt%tgt2tiT^2>. 

>J-K^M3 2, 3 3 CD £"5 5**— 

H^b&^u- Ftsiao, affi^fflj^3 c ms) 

MI3 2, 3 3COffifctt, JKJ5 0 MmCORaiB^Kttetl 

T^s, £##3 ltt, *58^fcfeit* rx» 

#j ^ttMfcttfcT*. »J-Hiii3 2, 

3 3H #»9M;:#W-<5 r— #coU- K^ffi&j co— * 

[0 0 2 2] h 3 0C0U— H«ffiB3 2, 3 

3co^ffijctt, mm^mmz a, 3 ba^ti^tu^* 

tlTt^o ll«3a, 3bH ^-ftlfe, ffi (S 
n) , (S n P t) , -f 

n — A ( I n S n) , -f >>>j.— A (In) 
t*<7)<£SS^JPI^«fc0^^tlT^4. Blcf'fcffiijco^® 
^BaH3 aCO@*tt^3. BI+^JCO^ 
ffi^Bai^3 b<Dm$\$7 tLm-V&Z* -?Ut>*>, 

3. 5 ti m\zUZ><, ZZ.X\ affi^BB^3 a^ctr/S® 

^Ba^3bti, *«Wf3*5^«» r^ico^fflMj co-* 
^^jtc^n-^ti^-r*. 

[0 0 2 3] ^^^> 1- 3 0 H*3ttS^^3 1 COS 
IS CrtttoTfe* U-H*ffiI3 2, 3 3^W^n/:ffi 
^S^^JcoM) t:«, g®¥ffl&3 c«$nt^ 
^5. a®¥Bai^3c«. SSM3a, 3b<h|Wim 
tr, a^fco(£»^JStJ:0®fiK$tiT*3 0, ^com 
$«^4/xmTfe^c +J-^^>h3 0CIS¥Hi3 

(EI 5) ©J: , 535i:fllJfi«ii±K:»J«'r*»'&fc:tt'<« 

[0 0 2 4] 05H t- h v>^7 4 OCO^^^r^-T^T 
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@¥HSI3 c £:&JI4 2 fca*&£fc#fiJ6UJHr*fc«>"e* 
[0 0 2 53 tf*^©HJft#tt] fcfc, * 10 

me n. 

[0 0 2 6] HSfcwbfcU— " 0 £J£ 

2 KO^fiSK:, 0*J*.te?MOCVD (Metal Organic Chem 
icalVapor Deposition ) teKiO, nlGaNiOfe 
Snft«Jn>^^ hJ!2 2, nlAlGaNJ:0&5nS 
^5yHl23. Ga I nNJ:0tt*ffittJB2 4, 
AlGaNiO?Ei:5pIi/77H®2 5 *3cktfp SJG a 

[0 0 2 7] nffllj3>^^ bJ§2 2fr%vW3>*9 h 
S2 6£T©ft«£j£fi£-frfcG>-&. UV^77^S: 
fflViTp^n>^i7 h@2 6:fc«ktf pM£5y K12 5 

ctO, pfeiJn>^ SJf 2 6, pi^57HI25, f£ 
teJS2 4, *3«fcrXnSi^7y K®2 3£»«Mfc|$5S 

ffl=i>** hH2 2©«tiiaKhtK:ntt«i2 b^IW 

nflj*«2 b£raj£Lfc©5, pfl'J=i> 30 
^^M2 6©±K:pfiiJ««2 ai&Wl:»^. 

[0 0 2 8] piig2aM{/nlJ«|2bm j 6 
n^UfeO^, fc§HS}£2 1 £p{&ijm®2 aCOS^Tj 
l*j <H3»3*3tt*IKiBfciaiS*rs^IfiI) WtUTiilt: 

m^ants-c^trr*. -?-<dco^, ^o^ijm 

**l«-UBfi£l>fc<B^ »&a£^2 1£p$JM2 a CD 

-1f7y72 OjWBfifc^n*. 
[0 0 2 9] |^4^^U^:*y-^^>h3 0£ 40 

M&TZo Tt*t>*>. w*tf^-f **>f, s^uu 

^7A, ffl-^>^Xf>^, SE{fc7JU5x£A, cB 
INK ^<3R*a^tt^k^-r*tJ:t)«lfiR*nfc^# 
3 103(iSI: l J-H«ffii3 2, 3 3^/-^, 

ii3 2, 3 3CO^@K:, i&M}!Z&mfr*>UZ&M¥® 
H3a, 3 b&jH^te^^t-iO^'rSo S^K, 3fc 

3 a, 3 b*5<fctf@@¥ffl8g3 c*flt^.fcU-^V^>h 50 
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3 0iP&&.2tlZ>. 

[0 0 3 0] fc\Z. 05^^t-h'»^4O^ 

tc, {ai^7+i:J;0^4 2«n. - 

(Dh-hy>^40H ^r^^ll (HI) 

[0 0 3 1] a^T, 0 6(:^Ufc«J:^l:, U— tf^y 

7°20, VZf^O> h 3 0*5«ktffc:- h'>>^ 4 0 
0 CCOch#, -t^^vO>h 3 0<DnWM\Z\t 
^ffi«3a, 3 b*3ci;tfOT¥fflHg3 ctmtfLZtl 
Tt/^tJf). l/-1ffy^2 0i1i-yv^>h3 0 <hco 
ra^«Sffi¥BaiK3 a, 3b^ffiL, ■tf7'T'i;> h 3 
0^t-hx>^4 0 <bcDP B 1^teOTa¥Eil3 c#*Hi 

^»5>h3 0*iJ;^t-k»^4 0«:l^t)ti:, iJD 

te, S®¥BBM3a, 3 b:fc«ttfS®¥fflli£&3 c J^ggl 
t*J:5, ^tf2 8 0tSStn. JKDiJPgft • flPJ£ 
jfiStt, ¥fflfll3a, 3 b<Dm<t&V}±?Z>fclsblZ. g 
PfltfX (N, ) (Hz ) *fcl«n6 

[0032] miao, 02^1^^:, u— tf 

0 i:+l-^-7^> h 3 0 t^ffi^ffllK3 a, 3 

y^40aWffll3c{:iD^f$n^. * 
fc, U— lf^y^2 0©piSffi2 a*3.fctf nffiiJfH5 2 
b#, m'n^7^7>h3 0©U-KfII3 a*5 
«t^U- KttM 3 bfcfc^ttKttiasn*. dcoi? 

tf^y :/2 0 , -tJ-^TO>h 3 043cfcl^t- S 
->>2 4 0 £— ffiKftSO^frtt, -MtSCt^T^ 
^^T. Hty7^>h30©U-HiiI32, 3 
3£0^L&^7<^fc££^L-C\ ^Jt^X^ 7 l l 

(Hi) fc3&ottttsnfct:> i 7, is (Eii) \z& 

[0 0 3 3] [HJfi©J^ffi©Sft*] *^fiS<?D^Sg 
(DnZkVZ-D^XWLW?** mS\Z7Klstc&-0\Z, U-lf 

h 3 o<ht-k»^ 4 o (h*«*-r*xgsa"j*tff 
mv&i>izmm'tz>i'—*f3 L v72 oo&m&it&fflz 

[0 0 3 4] it^T^>h3 0COSlfflf:SI 

«3a, 3 b*5«fctfOT¥ffll8t3 cftWtSi'SK: 
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«fctfg®¥BBIBI3 c) m^C?>h 3 OKtStt*) 

(0 0 3 5] *mM<DM1&T*\*. U— ^y^2 0, V 
7-W>h 3 0£J:tf fc- 4 o ^mt3^^-tt/i 1 

$itlfc<h^^, imi2K/WT$)-5^ :n 
te> 1 WcO^ftSAHWUT 1 2 Kc^i£i:#£^T;i 

tf^;/2 0, h 3 0*Si:^h— h'>> 2 

3 0£JJPJ£T<5£> j!jPJ£b&^^cfcOfc^&m£'h 

[0036] *mm<Dfcmiz&K>mm^fr¥mfc 
&m*ftfrr\zmik\stz.¥mtev-^m : Tv>2. sfe?> 

[0 0 3 7] [^CTJ] ®7te> *^M<Dl&M\Z$>tfZ> 
it^v^7>h 3 0 AO^Mchb- 

h 4 o Ao^gKi^n^n^M^J&T* £5 
f:bxi^ s vat, mi (D$zM<DBmtm-<Dffif&^ 

[0 0 3 8] m7 \Z7jk{stc&V\Z, ity-7^>h30A 
^»3 1©^I (U-H«i3 2, 3 3 0_t) \Z 
H»ffli3a, 3 b«^ntl^^ 
>b 3 0 AcDgffitlte, ^ 1 (D|*M<DM8<Z)<fc5&g® 
¥E03c (04) liM^nt^/i^ t-h 
~>>£4 0 AO^i4 2tf)^®Hte, ^fc<h*<D{g;Bl&:k 

u-tf^^^2o^, mi(D^m<Dmmt^:<mm 
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[0 0 3 9] Z.<D£o\zm$L2fttz\'-*r?-v'72 0, 
1ty7^>h3 0A^r/t-hy>i?4 0 A£S:fc£- 
to-fr, »KOH«fi^l6i:^l«l(ClID«fc'iPffi-r*i: t U- 
^.^2 0 £V7*?0> h 3 0A<h«WBal3 
al:«fc0»f$n, +)-^T^>K3 0 Ath-hy>i7 
4 0 A<htefc-h->>5'<BiJ¥ffllBl4 aKicfcO&lr^n 

mmz. U— ^7^2 0, it^^>h 3 0 A^«t^* 

[0 0 4 0] J^±s *jfi<Bra&:fc«fctf£®PJ£tgtfT# 
zfi&mm\zmfeztiz>h<DT*tete< . m*<o&&&*tffi 

a, 3 b&cfctfSffi¥ffl0 3 c £gEt£g4£3 OCD^g® 

J5M3 czmwmzi&i&i,, zwrnz* v—w-v-ftM 
i o 0(o«}jitUT«, o i \zmvr^h<o<om\z. m* 

[0 0 4 1] 

[0 0 4 2] ^tr, «^2K«© i l i *#U-1i , *f© 
[0 0 4 3] £ bKl, IS^^l 2&^UIS^^1 5tO^ 

[0 0 4 4] $^C, »*3S1 6*/ttttt*^l 7 tlfS 



(7) ^2 0 0 1 - 1 6 8 4 4 2 

[01] alc*^©**©©*©***^— !f*Wffl^ s [ft*tcOgft0J] 

[®2i mi\ZKLrz¥mftfzx&m\z&wz*mft\' 3a, 3b-a®*ea«t, 3c-WBai, 4a 

CBI3] milZ7KLtc¥m&l'-*fm : ?-<DU- J tf3 L y7 10 2 2-ni!3>^^hl, 23-nffl*?v 

0D«3ft*arWiBiaT**. KB, 2 4-SttJi, 2 2 6-p 

[@4i Em^ui**^-- »f*^©iaw!»«©* mzi>??hm, 3o-eiks«. 32, 33-u-F 

jfiSa-TWrBBia-e**. 4 0-X»*«, 1 0 0-¥l)W*5B*M. 
[1215] H2l:SLfct»i*:l/- *f*fO$»i«Oi 

[Ell] 
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